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Description (Oi 

M3o<5pcT C sxc otbdottch a pcuoBra>^»nHi9it«HbfM pafrrraM (PHP), a Bwamo e cnocooaw BoccraHoariaiHH 
r^MrnpiBocTyr aasonoHROPo npocrpaacTBa. 

ItoBecTca cnocoo BoccraaoHJicHHa repiceTatmocTB saKono&Boro npocrpaHcrsa nyvcM co^aHHH 
lofibmwHoro nasnexmH aayrpn o6ca«Hoa kqjtohhm ho OTHompuHP x 3aaonoHHOMy npocrrpaacrrBy 
(HararrraHBc mhakocth htm BspbmaBBtu 3apana). npoacw«BT HaAyeaBHC oocanaoa KonoHHbi h 
/nmBanaqaa sasopa uejs^y kojiohhqh h n<eueHTBbaf aauneu (If. 

H< J^™ *^" Gra saavnoaajoxca a tow, to. Bo-rapoux. co^passe B36fciTO«mnro naiwamn Byre* 
HameT * faHH ^HHSOCTB tffinbffiacT paapymtaae Kcxnoamj ae TonkKO b Hnrcpuane, d kotodom b kqjimxpoom 

^pOCTpaaCTOC HMCCTCH DjaiCBT. BO B B KHXCpBanaX. f^C IKMCSTB HCT. &TO OnaCBO AJXH njCJIOCTBOCll! 

oCcansoft KanoBHhi. Bo-STopux. B3pbmaHHC 3ap*n;a nponeoc uanoKoaxpojmpyei/Mfl, uro razer npHBecro k 

BapVBggHP EOBOBBM B Dy ^etf I mil t> r aupq 

HaHftoce 6jnrami a po^pcT t Hin o no Ttx mn eumfl cymaocTH bbbhctch cnooo6 ycTpaacHBH saronaBBhcc 
n^-^^-T^ y**»-™*™ KQnoHHb * 3* inxffcm* ynpyrnx flafropMana* p HBTeppane bjqtihhbb 

Pl " DC, ™ ,B ™^* aMCTpa KaOTHHM npcaoBOBBT nyxew r^aanaaecKono bo^cbctbbb bb KonoHBy aa 



HegocTttro* aaBccTHoro cnoco6a sasjnonaercB b 6o™noa Tpynpeaoocra pa6or sa oorr mtooxdabmoctv 
napBdiw y o6>PCT>BaHHB, Koropoe, KaK npaBano. ae ouumarii*i BMcomft H^fMwrrr^ 



3anaaa saMoqaercfl b noBbrawraa »4^THBaocTH pewoirrHo-BoaniniBOHHMX pa6or b b 
Tpyno3arpaT. 

" OC1 ^ an '° IHaH 3fl « a,ia WOCTHTaCTCH TCM, TO) B CBOOOOC BtX3CTaBOB>KMHB rqHOTWIBOCTB SaKOJIOHBOTO 

npocrpaBCTBa nyrcw ywynrosHH nBavnrrpa kojiohhu b BBrepBane bdo/ihuhh naaueTp kojiohhm 
yBengggBapTaa caer yBejmuHBaiomeflcH b o6mmc npa Teepnooni BaaphummA pa3pymaioxnea cwecn 
tHFQ |3I. BOTopy» 3aKa«DBanr b ao/ioHHy h coqn.uor moct b BBTcpBane Baonmnoi. npa *tou b KaaecTBe 
HPC Bcnonb3y»TCMoa> HSBOCTKOByjo win ropawx a oypoobcc pa6oT (CHTB). 

yOItlUkiOCTb. pC*I0BTO0-B3071HnH0BBblX pa6oT DO BCnpaBJICHHlO BCrcpWCTHHBOCTH UjaiCBTHOTO BOBbD* BX 

> 60%. &ro o6b«aB£TCH tcw, «tto npawrHaruhrc BSOJiBUBOBBbie uaxepoaraa (b ocbobbom 
'<■ pacTBOp h pacTBopbi cuan) o6na^axrr oonnsu Hr^ocrramoM - ycanpqBOCTbn. 



B npBPjppoc arauiyaxauHH m m wmiw rcpMcniMHocTb dasonoBaoro npocrpaBCTBa caaacaerca. 3ro 
npoBcxwT boa aoancacTBBCM aarpyaoK aa o6canByi> KonoHBy a acMcarBbia aaMCBb. Hanpnwcp, 
ycTBBraieao, trro npa cbhbcchbb ^aancHHH b cmaame npotraocrt, cnjenraeHBR qcwcBTBoro Kaima c 
KonoBBOB ykBHUuerm. Bee Baabi Djep^opanaB Tarae BpaBqnHT k yxynmcawD coctohbeh qeuesTBDro 

KQ7I y a ]- B - TO MC BPCWtH * 3aMCTO1 °' ^ ffiIH)CpCB^TBCHHO B BHTCpBOJiaX ncp^OpaBKB CHCC7ICHHC /KOBTaKT/ 

qp * OTTBOr ° KaMHW c KQ7I0HHoft ynyTOacTcn. nocne«HHH ^aar o6b,«CHHxyr yseraraHHCM amw npnmaTOH 
aonoHHbi k neweBTy b peayJDvraTe ce j^putaxjm. Ilooie onpeccoBKa oocaAHoB rohohhu Taame, naa 
npaBano. Hafijoo^acra wapymcHHc cc KoaxaKTa c upuamu. npa 3TOM nanocjibtnae BapynxeBaa KonraKTa 
0TM«waw b BBTepBanax nnacroB c bucobob npoaHuaa-ocruo a aaecpHaw. B imacrax c nonBcmcHHoa 
BOAoa aapymcBBH aoBTaaxa nocne onpoocoBsa ^amc scero orucHaioTca b dohc boaokc^thhoto KOBTaaTa 
/BHK/(1|. 

O^™" pacacraMB nponycBHy» cnocoonocTi, n^a m^omBCHooa Bqnbi mnbom MBxpoaasopa Mez^y 
o6caAHo» Ko/ioHBoa k qcMCHTebo^ KauHCM. OopMyny flapca^Bcflc6axa mokbo BanacaT^ OKro^inHM o6pa3oi- 



<l = <»-<!*> / 

T i,O87»10 7 »M 



r«c - D-BByrpeHHMfl /BaaMeTp qeMeHTHoro KonBoa, w; d-Bwrnoaft 



AWaMcrp oo caffBOR kojmhhw. u, p-nepennan, jjpBnesnH, na; x -kc^^^hbhcht ranpaBJoraaaix 
conporaBJieKBB; H-nnaaa MaKposasopa. u; Q-pacxafl bobm. u^/cyr Bse^ew o6o3aa«zeaaa M- 5 : P/H - 
grad P. r^e fi - saoop ucxffy KOJioHHOft a newcHTHWM KauHcu. m; ^ad P ^anaeHT flaBJiCHHH. na/M. 

Tor^a ^ooia /!/ (S^ex aucri, bba: / ^ • Ana caweneHna 

q = 46<d^6> / . <r> 

/ a •1,087 •io" 

Ko^BBBCHTa rwnpaanOTeaufx conporaBneHaa hco6xoahmo Bbroacnarb Kparcpaa PcflBom^ca 
• - ~* He v - XRHCMaTMnecKaa BazsKocTb eo^bi / npa 70°C. v ■ 0,5» 10 ° v^/c). 

*• = . j;^ — < S > 

X<d»0>«U 
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npa Typ6yJIEHTHQM poSHMC 



conpoTHBJicsHH aupcRduaoT no 



- 10 4 m; grad P - 4* 10 6 Ila/u 



3Hax*c»OTHMH: y - 0.5» 10" V/c; d - 0,166 u; 5 - 0.1 



yparoemril /2-4/ pcmarrcH uctc^ou pq n jflopa. 

Taraw o6pa30M, <iepc3 3aoop 0,1 u npH rpaflneBTC AaancHHH 4 Nffla/w k HHTcpsaTiy nepfcopaAHa vomer 
nocryuaTb osono 22 w 3 oombf o cyreur 

nocMmeaH c /iaa ficHKW ao6ca«Hoft kotiohhc iqampffHT a yBejaweamo ce ffHauerya. Pactm* aosasbiBaxrr na 
Hyxno noajcT b AaancHHe b kcutohhc, rto6u ee BHqQHBfl pa^nyc yBejnraoicH Ha 0,1 uu n/ 1 ** 



HapyxHOfi ctchkh Tpy6w no 3a^a^c JThmc hwcct /&/ 
a -KO^HUHcaT flyaccana, M - 0,25; E -MOAynb 



♦opiiyjia Ann paAKanhBbix 

6 = — . 



2 • * 



— r ♦ 



11 2 



•r 



2 1 

ynpyrocTH a™ ctwk, E - 2J.K> 5 MTIa, P, -BByrpesiiec flaiyiemK, Nffla; P 2 -oBtmHec flaffiim, 
Mlla; Fl -BeyrpesHHtt paflayc ipytiu. ic r 3 -bhexxihhh pa^ayc Tpyt&i, u, ij«d/r. 

nycn, P, - PjfP,^ hot PrPj-P.^. 

P.^ ■ H36biivHiioc ^aaneHHC e kqjiohhc no cpaHHemoo c HapyTCHbcu RpBin 
Tor^a $opwyna /5/ Cy^cr owrmmcTb 

- — <l-p>r 



2 

o = - p 



OTdo^a 



■F <7> 
Z 



,22 

* <*\-\> 

P = 

no! 2 r- *r 
1 2 



2 2 
(1-MXr -r J 



npn & * 10 V P 3 - 20 NOIa; r, - 0.O75 u. r a - 0.084 m. 



Zr 



p.^ =33.7 MTU. 



2*0,075 *0,0»4 



•20 



2»0,07S 



P acngTbf noKasbraaiorr. *rro ecnn mcmay o6caAHoa KonoHHoft h neweirrHbtM Konfaopu cymcc-raycr saaop 
WTmrooft 0.1 mm. to floeraxoHHo b kojiohhc cosflaTt Aaa/iemrc 33.7 MTla h oaoop Sy^cx nepeapbrr 3a cwr 
yBeraro^BH BHemHcro naaueTpa kqjiohhm. Taaoe naantaat a Raxt 6om*mx motkbo aoAan, nyrew 
p a3McmcH HW B KonoHHe uocra H3 HCTOpbOFiaTtxfl paspymaioincfl cuscm /HPC/ h b uacTKocra 

B3BOCTXOBO0 POpHbDC M OOpOBUX patfOT /CHTB/ (6J. 



HPC |°g" ueiwl0T '5^™^* oopasoM npH paapymcsmi npowboc xpyxxKHX Mareptwioe (csam>HbKe nopf^n^). 
DCTOHHbfX h aeneaoSeTOHHbix Ha^trmft, kbuehhux Rjia^ox, ^ro ^oObnsf npapo^Horo rrmhh. 

HPC wqp Bcerx) npewcTaHnfacrp co6ob nopomsootipaaabce Hcropaonne m KC83pi4BoacacHfaie uarcpnanbi. 
AaMpa c boaoA mcn<jnHy» pcasnBD (pH-12). npn rwtm^^ nopomxa HPC c ec«ofl o6pa3yeroi 
cycne apan (p aoVwan cuecb), Koropaa, 6ynjnni oajnrraH b mnyp. (^cnauKua b o6i^ktc Dannesazz^ 
pa3W™™». c Tcqomew epcwcHH cxBaruBamsi, TBepneer, oabobpcmchho ysenBioiBasKb o o6mwe. 
Vbc ^™° ic °0t>eMa - cncncTBHe rHAparaizHH komuohchtoo, hxdahzxxhx b oocras HPC. npnBqnH*r k 
paaOTTBM b nmypc TvnpvnxvtDBHaro Raimam* (oonec 40 MTta). IIqa AeacTBHcu rHApaxanBOHHon) 
AaencHHH b rtnt ofrborra paaaaBaaTCR Hanpffscaxxa. uphboaaxaac k ex>o po Bpym e aa p f7J. 

npqyiaraaad cnoco6 H3QIIHUhh saKonoHBoro npocTpaatrrBa ocrymecrariHioT cjir^yscm^xt o6peoou. 

B atBaMHycnycKajox nanoHHy HKT c T3KHM pacucroM. nro6bi hhxhhh koho^ BaxDABncsi Ha 10-20 u hxokc 
HKrcpBana nep^opazxHH npoAyxTHaioro rniacra. Bo36y»Aa»T nRpKynmnno a npoMb£BaioT aunuKHHy boaoh. 
oxnaamcHHofl ao O-10t. 
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3amopmr HPC Ha Bqge c TeunepaTypofl 0-10°C. 

"P* <mqpbrr 0M 3OT Ty fiH0M qpocipaHCTBe b HKT 3aaaipn»PT cycperoinD HPC B ofrhCMe. hcoCxc^hmom ajw 

°^Pfl KO7I0HHM B HHTCpBattC 10-20 M. 



npoflaaraBaxrr cycoessmo HPC flo BwpaaHHBaHHH ee yposHcft s HKT b serrpytiHOM npocrpaacTBe. 
n tinmyir mwa ar HKT ao nnytfmai pacnarcoxenHH bhzebhx nqxJwpaqpoHHbtx OTBepCTHfl h npn 

HBOfixqAHUOCTH n p O MM BBOT CITO M TT H y, BMMMBSW H36fafT0tDlfalft o6mw HPC. 

n^Hwawr HKT swine mrrepBana nep$opau>m. r^MrriDHpyiox sarpy&roe npoerpaHerao Ha Bpcua 

HCOQXqflHMOe JD1H paCtnMpCHHH H OTBCpK^CSHH HPC. 
OcsaHBSUOT CSBSUKBBy. 

npcKwympcTBOM npqviarcuzro cnocoCa hbtcktch to, uto nepexpwTHe rbh&jxqb ppn nocryroiemiH bo^u k 
KHTcpBsuiy nep$opaiQm npoacs^prr hc 3a cwr n^paaniracKoro Baa ^f Am m Ha KOJimniy, a 3a 
cooffaHHH p o^cAffHPfl KonoHBc MocTa K3 parmwpfgoayroca Ma-repHajia. 3to, Bo-cepaa, c 

HeO&DCflHMOCTb yCTttHDBKH HaKCpa; BO-BTOpfatt, yUCHtmaCT BpeUCHHUe 3aTp4TH Ha npOBCflCHHC PHP. 
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Claims (Oopuyna ■3o6pereHMH|: 



1. &VX06 BoocrraBoancaKH repMrnwHoem tjaaQJnnnmro npocTpaacrsa nyren yscriHwaKR ABaucrpa 
KonoBHbi b mrrepaa/ie HsorompM, orjnnaionpiftCM tcu, mto ^aaMcrp kojiohku yeenmBBajor 3a wrr 
yBCjnrnma»n^pftcji b o6aftue 17a Teep^eum HCB3pbraqaroA pa3pymaKm^fl cueca (HPCJ. Koropyw 
3axa^iHBajoT b RanoHHy. h ccoftajor uoct b HBrepsane aaojunsfai. 



2. Cnoco6 non.1, OTTiHHaxnxQxAcH tcm. ito b sawree HPC Bcnonfasyxrr cwccb H3BccTKOByio flnn ropeux a 
(SypoBbDt pa6or (CHTE). 
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Drawlng(a) [MeprcawJ: 



Ta6/i m ua 



XapaKTepMCTMra HPC 




pMcmica 



1. BQAOCMeceBoe oTHotueHMe cycneH3MM 

2. Pacxofl nopowjca. tohh Ha 1 m o&beMa 

3. PacreraeMocTb no KOHycy A3HMM, cm 

4. flnoTHOCTb cycneH3MH, r/cii 3 

5. aarycTesaeMocTb, npn TeMnepaiype 20-25 rpaaycoa C. mmh 

6. CqerineHMe kbum c Tpy6oK, MRa 

7. ConpoTHaneHHe xaMHfl <t>MJibTpaunfi boaw. Mna 6onee 

8. flaaneHMe npM pactuHpeHnn, Mfla 



3waMeHMe 



0,3-0,5 
1.8 
20,0-25,0 
1,8 
120,0 
5.0 
60.0 
IO45.0 
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Description: 

This invention is in the area of insulation repair operations, i.e., it is related to the 
methods of restoration of the air tightness of the casing clearance. 

There is a known method of restoration of the air tightness of the casing clearance, which 
consists of the creation of excess pressure inside the casing string with respect to the 
casing clearance (by means of the injection of liquid or by means of the explosion of a 
blasting charge). This leads to the expansion of the casing string and the elimination of 
the gap between the string and the concrete block [1]. 

The deficiencies of the analogous method lay in the fact that, firstly, the creation of 
excess pressure by means of the injection of liquid causes damage of the string not only 
in the interval which contains concrete in its ring space but also in intervals where there is 
no concrete. This is dangerous for the integrity of the casing string. Secondly, the 
explosion of the blasting charge is a process, which is hardly controllable, which may 
lead to the damage of the string and the concrete block. 

Closest to the invention with respect to its technical merit is the method of removal of the 
excess casing clearance by means of increasing the diameter of the string beyond the 
elastic deformations in the interval of insulation [2]. The increase in the diameter of the 
string is achieved by means of the hydraulic effect on the string in the interval of 
insulation. 



The deficiency of the known method lays in the great labor input necessary for the use of 
parquet [sic] equipment, which, as a rule, is not highly reliable. 

Our task is to increase the efficiency of insulation repair operations while simultaneously 
reducing labor input. 

This task is achieved by means of the following: in the method of restoration of the air 
tightness of the casing clearance by means of the increase of the string's diameter in the 
insulation interval, the string's diameter is increased by means of the use of non- 
explosive breaking mixture [3], whose volume increases during hardening, where the 
mixture is injected into the string so as to create a bridge in the insulation interval. Here, 
a limestone mixture for mining and drilling operations is used as non-explosive breaking 
mixture. 



The success of the insulation repair work on the restoration of the air tightness of the 
concrete ring does not exceed 50%. This can be explained by the fact that the insulation 
materials used (mainly, concrete solution and resin solutions) have one common 
deficiency — they shrink. 
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During the operation of the drill hole, the air tightness of the casing clearance decreases. 
This happens as a result of the loads on the casing string and the concrete block. For 
example, it has been established that when the pressure in the drill hole is reduced, the 
strength of adherence of the concrete block to the string is reduced. All type's of 
perforations also lead to the deterioration of the condition of the concrete ring. At the 
same time, it has been observed that, immediately in the intervals of perforation, the 
adhesion (contact) between the concrete block and the string is improved. The latter fact 
is explained by the increase in the force with which the string is pressed against the 
concrete as a result of the string's deformation. As a rule, disturbance of the string's 
contact with the concrete is also observed after molding of the casing string. Here, the 
greatest disturbances of contact are observed in the intervals of highly permeable layers 
and cavities. In layers with perched water, disturbances of contact following molding are 
observed most frequently in the area of contact between water and oil [ 1]. 

Let us evaluate by means of calculations the permeability for bottom water of the ring 
micro gap between the casing string and the concrete rock. The Darcy-Weissbach 
formula can be presented in the following manner [4]: 

[see original for formula] (1), where D is the inner diameter of the concrete ring, m; d is 
the outer diameter of the casing string, m; p is the pressure differential, Pa; X is the 
hydraulic resistance factor; H is the length of the micro gap, m; Q is the water discharge, 
cub. m/day. Let us introduce the symbols D-d= 5; P/H = grad P, where 5 is the gap 
between the string and the concrete block, m; and grad P is the pressure gradient, Pa/m. 

Then formula (1) will look like this: [see original for formula] (2). For the determination 
of the hydraulic resistance factor, it is necessary to calculate the Reynolds' criterion, [See 
original for formula] (3), where v is the kinematic viscosity of the water (at 70 °C v = 0 5 

•i<rV/c). 

In turbulent mode, the factor is determined based on the following formula: [see original 
for formula]. Let us assume the following numeric values: v = 0.5 - 10* 6 m 2 /c; d = 0 168 
m;5 = 0.1 mm= 10* 4 m;gradP = 4 • lO^Pa/m. 

The system of equations (2 - 4) is solved using the method of selection. 

In this manner, through the gap of 0.1 m, at a pressure gradient of 4 MPa/m, 
approximately 22 cub. m of water per day can permeate towards the perforation interval. ' 

The increase in the pressure in the casing string leads to an increase in its diameter. The 
calculations show by how much the pressure in the string should be increased in order to 
increase the string's outer diameter by 0.1 mm for the purpose of covering the micro gap. 

The formula of radial transposition of the outer wall of the pipe under Lame's 
problem (5) looks as follows: [see original for formula] where n is Poinsot's factor; 
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u - 0.25; E is the elasticity module of the steel, E = 2.1 . 10 5 MPa; P, is the inner pressure, 
MPa; P 2 is the outer pressure, MPa; r, is the inner radius of the pipe, m; r 2 is the outer 
radius of the pipe, m, r 2 [illegible] d/r. 

Let P, = P 2 + P cxcess or P , - P 2 = P excess , 

Where P exccss is the excess pressure in the string as compared to the outer pressure. 
Then formula (5) will look like this: [see original for formula]. From where we obtain: 
[see original for formula] (6) 

At 8 = 10" 4 m; P 2 = 20 MPa; r, = 0.075 m; r 2 = 0.084 m 
[see original for formula] P exeess = 33.7 MPa 

The calculations show that if there is a 0.1 mm gap between the casing string and the 
concrete ring, it is sufficient to create 33.7 MPa pressure in the string in order to cover 
the gap by means of increasing the outer diameter of the string. Such or even greater 
pressure can be created by means of the placement in the string of a bridge made of non- 
explosive breaking mixture, particularly made of limestone mixture for mining and 
drilling operations [6]. 

Non-explosive breaking mixture is used mainly for the breaking of strong brittle 
materials (such as rock), concrete and ferroconcrete products, rock layers, and for the 
mining of natural rock. 

Most frequently, the non-explosive breaking mixtures are powdery non-combustible and 
non-explosive materials, which have alkaline reaction with water (pH 12). When the 
powdered non-explosive breaking mixture is mixed with water, a suspension (work 
mixture) is obtained which, sometime after being poured into the borehole in the object 
that is subject to breaking, sets and hardens while expanding its volume. The volume 
expansion is the result of hydration of the components of the non-explosive breaking 
mixture and leads to the development of hydration pressure in the borehole 
(more than 40 MPa). The effect of the hydration pressure in the body of the object is the 
development of strains that lead to the object's breaking [7]. 

The proposed method of insulation of the casing clearance is applied in the following 
manner. 

A string of pump-compressor pipes is lowered into the drill hole so that the lower end is 
located 10 - 20 m below the interval of perforation of the productive layer. Circulation is 
caused and the drill hole is washed with water cooled to 0-10 °C. 
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The non-explosive breaking mixture is mixed with water at temperature of 0-10 °C. 

With the casing clearance open, the suspension of the non-explosive breaking mixture in 
the pump-compressor pipes is injected in the volume necessary to fill the casing string at 
the interval 10 -20 m. 

The suspension of the non-explosive breaking mixture is injected until its levels in the 
pump-compressor pipes are even in the casing clearance. 

The pump-compressor pipes are elevated to the depth where the lower perforation 
openings are located and, if necessary, the drill hole is washed so as to wash away the 
excess amount of non-explosive breaking mixture. 

The pump-compressor pipes are elevated above the interval of perforation and the casing 
clearance is sealed for the time necessary for the expansion and hardening of the non- 
explosive breaking mixture. 

The drill hole is utilized. 

The advantage of the proposed method is in the fact that the coverage of the channels for 
the permeation of water towards the interval of perforation is done not by means of 
hydraulic pressure on the string, but by means of the creation of a bridge made of 
expanding material in the casing string. This, firstly, eliminates the necessity for the 
installation of a packer and, secondly, reduces the time consumption for the performance 
of the insulation repair operations. 
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Claims: 

1. Method of restoration of the air tightness of casing clearance by means of increasing 
the diameter of the string in the interval of insulation characterized by the fact that the 
string's diameter is increased by using non-explosive breaking mixture, which increases 
in volume when hardening and is injected into the string so as to create a bridge in the 
insulation interval. 

2. Method under Item 1 characterized by the fact that limestone mixture for mining and 
drilling operations is used as non-explosive breaking mixture. 



Drawings: 



RU 2 108445 CI 



Table 



Properties of the Non-Explosive Breaking Mixture 



Property 


Value 


1 . Water-mixture ratio in the suspension 


0.3-0.5 


2. Powder expenditure, ton per 1 m of volume 


1.8 


3. Spreadability according to the AzNII [Oil Scientific 
Research Institute of Azerbaijan] cone 


20.0-25.0 


4. Density of suspension, g/cub. cm 


1.8 


5. Thickening, at temperatures 20 -25 °C, min. 


120.0 


6. Adherence between the concrete and the string, MPa 


5.0 


7. Concrete resistance to filtration water, MPa more 
than 


60.0 


8. Pressure during expansion, MPa 


Up to 45.0 
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